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ABSTRACT 

We report the discovery of a bright (H = 12.77) brown dwarf designated SIMP J013656. 5+093347. The 
discovery was made as part of a near-infrared proper motion survey, SIMP (Sondage Infrarouge de Mouvement 
Propre), which uses proper motion and near-infrared/optical photometry to identify brown dwarf candidates. 
A low resolution (A/AA ~ 40) spectrum of this brown dwarf covering the 0.88-2.35 /.im wavelength interval 
is presented. Analysis of the spectrum indicates a spectral type of T2.5±0.5. A photometric distance of 
6.4 ± 0.3 pc is estimated assuming it is a single object. Current observations rule out a binary of mass ratio ~1 
and separation > 5 AU. SIMP 0136 is the brightest T dwarf in the northern hemisphere and is surpassed only 
by e Indi Bab over the whole sky. It is thus an excellent candidate for detailed studies and should become a 
benchmark object for the early-T spectral class. 

Subject headings: Stars: low-mass, brown dwarfs — stars: individual 
(SIMP J013656. 5+093347) 



1. INTRODUCTION 

Numerous L and T dwarfs have been found during the last 
decade through the large scale Two Micron All Sky Survey 
(2MASS, Skrutskie et al. 2006), the Deep Near-Infrared Sur- 
vey of the Southern Sky (DENIS, Epchtein 1997), and the 
Sloan Digital Sky Survey (SDSS, York et al. 2000). These 
objects have effective temperatures ranging from —2300 to 
—750 K and, with the exception of some early-L dwarfs, have 
substellar masses and are thus brown dwarfs (BDs). The L 
dwarfs are characterized by the presence of dust condensates 
suspended in their atmosphere and by increasingly red near- 
infrared (NIR) colors while the T dwarfs are distinguished by 
the appearance of broad methane absorption features in their 
NIR spectrum and by bluer NIR colors. The L/T transition 
is marked by a rapid decrease of J-K s , from —2 to — be- 
tween late-L and mid-T, and by an increase of the /-band flux, 
in contrast with the overall decreasing trend from early-L to 
late-T (see Kirkpatrick 2005, and references therein). Several 
scenarios have been proposed to explain these rapid variations 
of the NIR properties of BDs. Burgasser et al. (2002) propose 
that they are due to the clearing of patches in the cloud decks, 
with increasingly clearer atmospheres for later types. Tsuji 
& Nakajima (2003) suggest that, at the L/T transition, the Mj 
versus J—K s diagram does not constitute a single evolution- 
ary sequence. Rather, it is populated by objects of different 
surface gravities, for which the sinking of dust clouds below 
the photosphere occurs at different values of Mj and tempera- 
ture. Knapp et al. (2004) offer an explanation based on a rapid 
rain-out of condensates from the photosphere occurring from 
late-L to mid-T. These scenarios make predictions that can be 
tested given a sufficiently large sample of early-T dwarfs. 
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Almost all known BDs were initially selected based on their 
NIR colors, and/or optical colors when available. Although 
this is an effective mean of identifying L or late-T dwarfs, 
early-T dwarfs are difficult to differentiate from M dwarfs 
when only NIR data are available because both types share 
similar J — H and H-K s colors. Deep i- or z-band imaging, 
as in SDSS, removes the degeneracy since i— z and i—J dif- 
fer significantly between M and T dwarfs. So far SDSS has 
covered 25% of the sky and found eight 4 T dwarfs of spec- 
tral type T4.5 or earlier and brighter than J = 16 (a conserva- 
tive completeness limit for 2MASS). On the other hand, BD 
searches based on the 2MASS point source catalog (2MASS 
PSC, Cutri et al. 2003) have unveiled only nine 4 such objects 
over an area three times larger. This suggests that many early- 
T dwarfs remain to be indentified in the 2MASS PSC. 

Proper motion (PM) is an efficient mean of discriminating 
BDs from M dwarfs. For a given magnitude, BDs are much 
closer and therefore have, on average, larger PMs. We have 
undertaken a NIR PM survey aimed at identifying new BDs 
and, in particular, increasing the sample of early-T dwarfs. 
This Letter reports the discovery, as part of this survey, of the 
brightest T dwarf in the northern hemisphere. 

2. THE SIMP NEAR-INFRARED PROPER MOTION SURVEY 

SIMP (Sondage Infrarouge de Mouvement Propre) is a 
proper motion survey made with the Observatoire du Mont 
Megantic (OMM) wide-field NIR camera CPAPIR (E. Arti- 
gau et al., in preparation) currently installed at the CTIO 1 .5m 
telescope operated by the SMARTS consortium. The camera 
features a 35' x 35' field of view and a pixel scale of 1 f 03. 
The PMs of the sources detected are determined by compar- 
ing their measured position with the 2MASS PSC. The SIMP 
observations were initiated in 2005 February and are still on- 
going. Since 2MASS started in 1997 June and ended in 2001 
February, the time span between the two epochs ranges from 
—4 to —9 years. The 5a uncertainty on the relative SIMP and 
2MASS astro me try is 1", equivalent to a PM lower limit of 
0. 125-0. 25"/yr, or a tangential velocity limit of 15-30 km/s at 
25 pc. Up to the 2MASS /-band magnitude limit of — 16.5, T- 
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FIG. 1 .— SIMP, 2MASS and SSS images of a 2' X 2' field centered on FIG. 2.— J-H vsH-K s diagram of SIMP 0136 and all known T dwarfs 

the J2000.0 position of SIMP 0136. In all panels, vertical lines are shown, with J < 16. SIMP 0136 is identified by its error bars. Triangles, filled circles, 

from left to right, above the expected position of SIMP 0136 at the epoch of stars and crosses respectively identify T0-T1.5, T2, T3-T3.5 and T4-T9 BDs. 
SIMP, 2MASS, SSS / and SSS R observations respectively, as derived from 
its measured PM. 

TABLE 1 

Properties of SIMP J013656. 5+093347 



type dwarfs may be found out to ^25 pc while L-type dwarfs 
may be located as far as 100 pc. Since solar neighborhood 
L and T dwarfs with known parallax have median tangential 
velocities of 25 km/s and 39 km/s, respectively (Vrba et al. 
2004), almost all T dwarfs within 25 pc and roughly half of L 
dwarfs within 50 pc observed by SIMP should be recognized 
as such, provided that they are listed in the 2MASS PSC. 

Full details of the SIMP survey will be presented in a fu- 
ture paper. At the time of writing, the survey has covered 
^4200 square degrees near the celestial equator. More than 
300 BD candidates have been identified; /-band imaging and 
NIR spectroscopy is underway to confirm their spectral type. 

3. SIMP 0136 
3.1. Discovery 

Our initial analysis of the survey data quickly revealed a 
candidate with a very high PM and colors consistent with a 
T dwarf. The source SIMP J013656.5+093347, hereafter ab- 
breviated SIMP 0136, moved by 6."3 over the ^5 years sep- 
arating the 2MASS and SIMP observations. It is not seen in 
the SuperCOSMOS Sky Survey (SSS, Hambly et al. 2001b) 
B or R images, but it is detected in / at a position consis- 
tent with the PM deduced from the 2MASS and SIMP mea- 
surements. Table 1 lists all the measurements available for 
SIMP 0136 from the 2MASS PSC, the SIMP image and the 
SSS catalog 5 , as well as its calculated PM, spectral type (see 
Sect. 3.2), and photometric distance (see Sect. 4). Figure 1 
shows SIMP, 2MASS and SSS images of a small field cen- 
tered on SIMP 0136; the high PM of SIMP 0136 is clearly 
apparent. The SSS and 2MASS photometric measurements 
yield I- J = 5.07 ±0.17, a value typical of early-T dwarfs. 
As shown in Fig. 2, its NIR colors, J-H = 0.68 ±0.04 and 
H-K s = 0.21 ±0.04, are also consistent with an early-T spec- 
tral type. 

5 http://www-wfau.roe.ac.uk/sss/ 



Parameter Value 

SSS (1988.630) 
R >20.8 a 

SSS (1992.734) 
a, 8 01:36:55.962, +09:33:47.40 

/ 18.52±0.17 b 

2MASS PSC (2000.733) 
a, 6 01:36:56.624, +09:33:47.32 

/ 13.455±0.028 
H 12.771±0.031 
K s 12.562±0.023 

SIMP (2005.626) 
a, 6 01:36:57.046, +09:33:47.28 

SIMP (2006.470) 

a, 6 01:36:57.115, +09:33:47.32 

02000.0, ^2000.0 01:36:56.566, +09:33:47.30 

ix a cos(<5) +1241 ± 9 mas/yr 

US -4± 10 mas/yr 

Photometric distance 6.4 ± 0.3 pc c 

Spectral type T2.5±0.5 



All coordinates are in J2000 equinox. 
a From Hambly et al. (2001b, Table 1). 
b Uncertainty from Hambly et al. (2001a, Table 12). 
c Assuming a single object. 

3.2. Spectroscopy 

We obtained NIR observations of SIMP 0136 on 2006 July 
16 at the OMM 1.6-m telescope located in southern Quebec. 
The SIMON spectrograph (L. Albert et al., in preparation) 
was used with the Amici prism which provides simultaneous 
coverage of the 0.88-2.35/im wavelength interval at a A/AA 
ranging from 35 to 50. A total of 18 30-s exposures were 
obtained by dithering over five positions along the l."l slit 
(2.4 pixels). Individual frames were flat-fielded using dome- 
flat images. The AO star HD 9560 was observed to correct for 
telluric absorption. Observations of both SIMP 0136 and the 
spectroscopic standard were obtained at an average air mass 
of 1.45. Fig. 3 shows the resulting spectrum, which has a 
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TABLE 2 
Spectral indices 



Index 


Numerator 


Denominator 


Value 


Spectral type 


CH4-H 


/l .635-1.675 


/l.560-1.600 


0.87 


T2 


CH 4 -K 


/2.215-2.255 


/2.080-2.120 


0.42 


T3 



1.4 1.6 1.8 
A (/xm) 

FIG. 3. — NIR spectrum of SIMP 0136 compared to the spectra of 
SDSS0151+12 (Tl), SDSS1254-01 (T2) and 2MASS1209-10 (T3). Regions 
of the spectrum severely affected by telluric absorption have been masked 
out. Comparison spectra are from Burgasser et al. (2006a) and McLean et al. 
(2003) and were binned to the same resolution as our observations. All spec- 
tra are normalized at 1 .25 fim and offset by a constant. 

signal-to-noise ratio per spectral pixel ranging from 10 around 
1 /zm to more than 100 in the //-band. 

The overall NIR spectral energy distribution (SED) of 
SIMP 0136 is similar to that of other early-T dwarfs 
(SDSS0151+12, SDSS1254-01, 2MASS1209-10, respec- 
tively Tl, T2 and T3; Geballe et al. 2002; Leggett et al. 2000; 
Burgasser et al. 2004). The sharp SED fall-off below 1.1 /im 
due to the very large red wing of the K I doublet at 0.77 /xm 
is evident despite the modest signal-to-noise. The //-band 
clearly shows CH4 absorption between 1 .6 fim and 1 .7 /zm, 
the hallmark of T dwarfs, with a strength intermediate be- 
tween those of the comparison T2 and T3. The /if -band flux is 
depressed beyond 2.2 fim due to CH4 absorption. 

Five spectral indices defined in Burgasser et al. (2006a) can 
be calculated from our low resolution spectrum. However, 
three of those indices (H2O-/, CH4-/, and H2O-//) are de- 
fined in spectral regions where unresolved absorption features 
(water) originate in both the Earth's and the BD atmosphere. 
A division of the observed BD spectrum by that of a spec- 
troscopic standard would tend to overcorrect for telluric ab- 
sorption, even if both spectra were obtained under identical 
conditions, because within a resolution element the BD tends 
to be intrinsically fainter than the standard where the telluric 
absorption is stronger. Given the relatively large amount of 
precipitable water present during the observations, the use of 
these indices for spectral classification is hazardous. The two 
remaining indices are presented in Table 2 and yield a spectral 
typeofT2.5±0.5. 

4. DISCUSSION 

SIMP 0136 was not identified as a BD by previous 2MASS 
searches because its NIR colors fall outside of the selection 
criteria used, e.g. J-K s < 0.3 or > 1.30 (Kirkpatrick et al. 
1999), J-H < 0.3 and H-K s < (Burgasser et al. 2003), or 
J-K s > 1.0 (Cruz et al. 2003). These selection criteria were 
defined to minimize the number of M dwarfs in the candidate 
sample. SIMP 0136 would have been easily detected by SDSS 
but this region of the sky was not surveyed. SIMP 0136 is 
the first T dwarf discovered through PM in the NIR; the only 
other T dwarf discovered through PM is e Indi B (Scholz et al. 
2003), a discovery made with optical data. The discovery of 
SIMP 0136 within a dataset covering only <~ 10% of the sky 
lends credency to the claim that many relatively bright (J < 
16) early-T dwarfs have yet to be discovered. 

The photometric distance of SIMP 0136 can be estimated 
using the distances and magnitudes of known T dwarfs of sim- 



ilar spectral types. Table 3 gives the NIR absolute magnitudes 
of the four T dwarfs in the T1-T4 range with distances known 
with an accuracy better than <~ 10%. Using their mean ab- 
solute magnitudes in J, H and K s , and assuming that SIMP 
0136 has similar absolute magnitudes, we find photometric 
distances of 6.12 ± 0.97, 6.26 ± 0.34 and 6.61 ± 0.41 pc re- 
spectively. The weighted average photometric distance is 
6.4±0.3pc. 

Considering that ^40% of T dwarfs are resolved binaries 
(Burgasser et al. 2006b), it is crucial to test SIMP 0136 for 
binarity to ensure a proper interpretation of the observations 
and a legitimate comparison with models. Astrometric ob- 
servations are underway to determine the parallax of SIMP 
0136 using the NIR camera WIRCAM (Puget et al. 2004) at 
the Canada-France-Hawaii Telescope. This camera features a 
field of view of 20' x 20' sampled with 0."30 pixels. These ob- 
servations have provided the best angular resolution observa- 
tions for this object (0."6 seeing) and no binarity or PSF elon- 
gation has been detected. Thus, SIMP 0136 does not appear 
to be a binary of mass ratio <~1 and separation >5 AU. How- 
ever, observations at a higher resolution are needed to further 
constrain its multiplicity since most binary T dwarfs have sep- 
arations smaller than this (Burgasser et al. 2006b). If SIMP 
0136 is a binary, its photometric distance could be as large as 
~9 pc. The two other brightest early-T dwarfs, e Indi Bab and 
SDSS0423-04 are both binaries (Volk et al. 2003; McCaugh- 
rean et al. 2004; Burgasser et al. 2005); thus, if SIMP 0136 is 
a single object, it would be the brightest isolated T dwarf, and 
as such it would become a benchmark object for the early- 
T spectral class, enabling very high-resolution spectroscopy, 
time-resolved spectroscopy and polarimetry observations. Its 
location near the celestial equator makes it all the more ap- 
pealing as a benchmark object since it can be observed from 
all major observatories around the world. 
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TABLE 3 

Near-IR absolute magnitudes of nearby T dwarfs 



Name 


Sp 


Distance 


Absolute magnitude 






(pc) 


J 


H 


K s 


SDSS0151+12 


Tl 


21.4 ±1.5" 


14.91 ±0.20 


13.95±0.19 


13.53 ±0.25 


SDSS 1254-01 


T2 


11.78 ±0.26* 


14.54 ±0.06 


13.73 ±0.05 


13.48 ±0.07 


SDSS 1750+17 


T3.5 


27.6 ±3.5° 


14.14±0.29 


13.75 ±0.30 


13.27 ±0.33 


e Indi Ba 


Tl 


3.626 ± 0.009 c 


14.49 ±0.02 


13.71 ±0.02 


13.55 ±0.02 


Mean 






14.52 ±0.32 


13.79 ±0.11 


13.46±0.13 



"Parallax from Vrba et al. (2004). 
b Parallax from Dahn et al. (2002). 

c Parallax from the Hipparcos catalog (Perryman et al. 1997). 
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